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Abstract 
 
Dimocarpus longan Lour. is a commercial plant that is widely grown in Asia. A large amount of its pericarp is 
discarded as waste. The use of this pericarp would not only reduce waste but would also increase the value of 
this plant. Therefore, this study aimed to investigate the chemical composition and antioxidant activity of          
D. longan pericarp. Furthermore, a novel black D. longan was produced and compared with the traditional dried 
D. longan. Various solvents, including petroleum ether, ethyl acetate, and 95% v/v ethanol, were used for 
extraction. The total phenolic content was investigated with the Folin-Ciocalteu assay, and the gallic acid 
content was determined with high performance liquid chromatography. The antioxidant activity of the extracts 
was investigated using 2,2-diphenyl-1-picrylhydrazyl,2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) and 
the ferric reducing antioxidant power assay. The results indicate that a higher greater extract content can be 
obtained from black D. longan than from dried D. longan. The ethyl acetate extract of black D. longan pericarp 
contained the highest total phenolic and gallic acid contents: 11.8 ± 0.0 mg and 9.4 ± 0.0 mg/g of extract, 
respectively. These concentrations are significantly higher than those extracted from dried D. longan pericarp 
using the same solvent (p < 0.001). Moreover, the antioxidant activity of D. longan was enhanced after being 
processed to form black D. longan. The ethyl acetate extract possessed the greatest ferric reducing power and 
radical scavenging activity. Therefore, we suggest that it is a potential source of natural antioxidants that could 
be used in cosmetic applications. 
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1. Introduction  
 

Dimocarpus longan Lour., a subtropical fruit-tree crop from the Sapindaceae family, is native to Southern 
Asia. It is found in a number of countries, ranging from Myanmar to Southern China, South-Western India, Sri 
Lanka, Australia, and some subtropical zones of the US [1]. It is known worldwide as longan. D. longan 
production reached 3.6 million tons worldwide in 2017 [2]. The main D. longan producing countries are China 
(50% of all production), Thailand (30%), and Vietnam (15%) [2]. An oversupply of D. longan in the Northern 
part of Thailand has reduced its price, although D. longan has been used in various rejuvenation remedies since 
ancient times. Moreover, although mature D. longan fruit features a succulent, delicious, white aril that has 
gained favor as an exotic fruit in temperate regions [3], its limited shelf life has led to it being processed into 
numerous preserved foods, such as dried longan and longan in syrup. A large amount of D. longan pericarp is 
discarded as waste material.  

In the present study, the novel black D. longan product was developed through the process used for black 
garlic production. Garlic undergoes a heating process to form black garlic, which has enhanced concentrations 
of sugar and other compounds with antioxidant activity [4-6]. Many chemical reactions are induced through 
thermal processing, such as the Maillard reaction, which causes the color to shift from white to dark brown due 
to the formation of various intermediate products during the reaction and the ultimate generation of melanoidins 
[7]. In addition to garlic, browning occurs during the heating of several kinds of foods, such as coffee, roast 
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meat, and bread. The inhibition of oxidation that occurs in fresh garlic is enhanced in black garlic, a type of raw 
garlic that has been subjected to thermal treatment at a high temperature with a high relative humidity [8]. The 
production of black D. longan could be a way to enhance the antioxidant activity of D. longan. Black D. longan 
extract may have enhanced antioxidant activity and could be useful for cosmetic applications.  

Since the pericarp of both traditionally dried and novel black D. longan is not edible, it is normally discarded 
as waste. As a traditional medicine, D. longan fruits have been used to enhance memory, promote blood 
metabolism, relieve insomnia, prevent amnesia, relieve stomachache, and as an antidote to different poisons [9]. 
Recently, dried D. longan aril was reported to reduce cognitive impairment in mice [10], and dried D. longan 
leaves and flowers have been reported to have antioxidant and anti-inflammatory activity [11,12]. In contrast, 
the pericarp of this plant is rarely used and is commonly discarded as waste that costs money to eliminate.  

Therefore, this study aimed to investigate the chemical composition and antioxidant activity of pericarp from 
novel black D. longan and to compare these properties with those of traditional dried D. longan extract to 
determine its potential for use in cosmetic applications. The use of pericarp will not only decrease waste but also 
boost the value of this plant. 
 
2. Materials and methods 
 
2.1 Materials  
 

D. longan was classified by Ms. Wannaree Charoensup, a botanist at the Herbarium of Faculty of Pharmacy, 
Chiang Mai University, Thailand. The voucher specimen D. longan number 0023268 was deposited in this 
Herbarium. Traditional dried D. longan fruit and black D. longan fruits were obtained from the Faculty of Agro-
industry, Chiang Mai University, Thailand. The pericarp, arils, and seeds from each D. longan fruit were 
separated and subjected to a size reduction process. D. longan materials were kept in well-closed containers at 
room temperature until further use. 
 
2.2 Extraction of D. longan 
 

D. longan materials were extracted with the maceration method. Briefly, D. longan materials were 
macerated in petroleum ether, ethyl acetate, or 95% v/v ethanol for 24 h at room temperature. The plant material 
to solvent weight ratio was 1:3. The extracting solvent was filtered and removed using a rotary evaporator. The 
yield of each extract was calculated. All extracts were stored in the refrigerator until use. 

 
2.3 Chemical composition determination for black D. longan extracts 
 

Determination of the total phenolic content in each D. longan extract was done with the Folin-Ciocalteu 
method, in accordance with a previous study [13]. Gallic acid was used as a standard compound to construct a 
calibration curve. The results are presented as gallic acid equivalents (GAE), which represents the concentration 
in mg of gallic acid per g of extract. All experiments were performed in triplicate. 

The chemical compositions of D. longan extracts were determined with high performance liquid 
chromatography (HPLC). A reversed phase column was used as the stationary phase. A mixture of 0.05% 
formic acid in acetonitrile (phase A) and 0.05% formic acid aqueous solution (phase B) was used as the gradient 
mobile phase. The sample was eluted at a flow rate of 1.0 mL/min, with the following gradient elution program: 
from 0 to 8 min, 10% phase A; from 8 to 28 min, 20% phase A; from 28 to 30 min, 30% phase A; and from 30 
to 35 min, 10% phase A. The sample solutions were filtered through a 0.45 μm nylon membrane filter. Gallic 
acid was used as a standard compound. All the experiments were performed in duplicate. 
 
2.4 Antioxidant activity determination 

 
The free radical scavenging effects of D. longan extracts were evaluated by 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) assay [13,14]. The scavenging activity is reported as the percentage of inhibition. This was calculated 
using the following equation: %inhibition = [(C-S)/C] × 100, where C is the absorbance of the solution of DPPH 
radical (DPPH•) without the test solution and S is the absorbance of the solution of DPPH• with the test 
solution. Ascorbic acid was used as a positive control. The experiments were performed in triplicate. 

The free radical scavenging effects of D. longan extracts were evaluated by 2,2'-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay [13,15]. The free radical scavenging activity is reported as 
the Trolox equivalent antioxidant capacity (TEAC), which represents the amount of Trolox equivalent to 1 g of 
each D. longan extract. Ascorbic acid was used as a positive control. The experiments were performed in 
triplicate. 



 
 

 
The reducing properties of D. longan extracts were determined based on their ferric ion reducing activity 

[13,16]. The reducing properties are reported as the equivalent concentration (EC1), which represents the ferric-
TPTZ reducing ability equivalent to 1 g of each D. longan extract. Ascorbic acid was used as a positive control. 
The experiments were performed in triplicate. 
 
2.5 Statistical analysis 

 
The results of the experiment are given as means ± standard deviations. The statistical analysis involved t-

tests and ANOVA, which were performed using SPSS software (SPSS Statistics 21.0, IBM Corporations, New 
York, NY, USA). A significant difference was indicated when p < 0.05. 

 
3. Results 
 
3.1 D. longan pericarp extracts 
 

D. longan pericarp extracted by petroleum ether, ethyl acetate, and 95% v/v ethanol was investigated to 
determine its chemical composition. HPLC chromatograms of D. longan pericarp extracts and the standard 
compound are compared in Figure 1 Gallic acid was detected at a retention time of 3.7 min. The results shown 
that the pericarp part of black D. longan extract contains gallic acid. 

 

 
 

Figure 1 HPLC chromatograms of gallic acid (A) and black D. longan pericarp extract (B). 
 

The chemical compositions of the D. longan pericarp extracts are shown in Figure 2 both the total phenolic 
and gallic acid contents were significantly higher in black D. longan pericarp extracted with ethyl acetate than in 
other samples (p < 0.05). Although no gallic acid was detected in the petroleum ether extracts of dried or black 
D. longan, small amounts of some phenolic compounds were observed. High contents of phenolic compounds 
were found in the ethyl acetate and ethanolic extracts of both dried and black D. longan. However, higher 
concentrations of gallic acid were observed in black D. longan extracted with ethyl acetate or ethanol. 

 
 
 
 

(A) 

(B) 
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Figure 2 Gallic acid content (A) and total phenolic content (B) D. longan petroleum ether (PET), ethyl acetate 
(ETOAC), and ethanolic (ETOH) extracts. GAE = gallic acid equivalent. The letters (a, b, c and d) 
denote significant differences in the chemical content among D. longan pericarp samples extracted using 
different solvents (p < 0.05). Asterisks (*) denote significant differences between extracts. 

 
The D. longan yields are shown in Figure 3 ethanolic extraction of black D. longan yielded the highest 

extract content. The amount of D. longan extracted was affected by both the D. longan materials and the 
solvents used in the extraction process. In dried and black D. longan, the same yield trend was observed, with 
ethanol yielding the highest extract amount, followed by ethyl acetate, and then petroleum ether. The yield of 
black D. longan was greater than that of dried D. longan regardless of the solvent used. 

 

 
 
Figure 3 Yields of D. longan extracts obtained using petroleum ether (PET), ethyl acetate (ETOAC), and 
ethanolic (ETOH).
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3.2 Antioxidant activity of D. longan pericarp extracts 

 
The antioxidant activity of D. longan pericarp extracts is shown in Figure 4 and Figure 5. Among the various 

extracts, black D. longan pericarp extracted by ethyl acetate had the highest DPPH• inhibition and the highest 
TEAC and EC1 values (p < 0.05). Interestingly, the TEAC value was comparable to those of ascorbic acid and 
gallic acid. 

 

 
 
Figure 4 Radical scavenging activity of D. longan extract obtained with petroleum ether (PET), ethyl acetate 
(ETOAC), and ethanolic (ETOH). TEAC = Trolox equivalent antioxidant capacity. The letters (a, b, c, d, and e) 
denote significant differences between extracts (p < 0.05).  
 

 
 
Figure 5 Ferric reducing power of D. longan extracts obtained with petroleum ether (PET), ethyl acetate 
(ETOAC), and ethanolic (ETOH). EC1 = equivalent concentration. The letters (a, b, c, d, e, and f) denote 
significant differences between extracts (p < 0.05). 
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4. Discussion 
 

D. longan pericarp, which is discarded as a waste product by the food industry, contains antioxidant 
compounds that are beneficial to health. The amount of D. longan extracted and its biological activity are 
affected by both the D. longan materials and the kind of solvent used in the extraction procedure. Black D. 
longan pericarp extracted with ethyl acetate contained the highest phenolic and gallic acid contents (p < 0.05). 
Phenolic compounds, the largest class of bioactive compounds, contain one or more aromatic rings along with 
one or more hydroxyl groups in their backbone structure. They are secondary plant metabolites with a variety of 
biological roles [17]. Since phenolic compounds are mostly hydrophilic, they dissolve well in polar solvents and 
are efficiently extracted by hydrophilic solvents [18]. Thus, extracts obtained with ethyl acetate and ethanolic 
contained higher amounts of phenolic compounds than those obtained with petroleum ether. Since gallic acid 
was not detected in the sample extracted with petroleum ether, phenolic compounds detected in the extract could 
have been derivatives of gallic acid, such as 4-O-methylgallic acid, methyl gallate, and ethyl gallate [17,19] and 
other kinds of phenolic compounds, such as ellagic acid, corilagin, chebulinic acid, and epicatechin. 
Interestingly, a higher gallic acid content was observed in black D. longan extract than in dried D. longan. 
Certain mechanisms change the phenolic content of a sample when the temperature increases [20]. The release 
of bound phenolic compounds involved in the degradation of lignin generates the release of phenolic acid 
derivatives and initiates heat degradation of the phenolic compounds [21]. Accordingly, black D. longan, which 
underwent incubation under high temperature and high humidity conditions, was found to have a higher gallic 
acid content than dried D. longan. The antioxidant activity of D. longan pericarp extracts was in accordance 
with the total phenolic content. Phenolic compounds have been reported to be the most common and abundant 
antioxidants in a variety of medicinal plants [22]. The antioxidant activity of phenolic compounds is directly 
associated with the number and positions of their hydroxyl groups [23]. The phenolic nucleus enhances 
antioxidant activity through its hydroxyl groups. The positions of hydroxyl groups on a phenol ring as 
butyl/ethyl groups at para and para/ortho positions influences the antioxidant activity of phenolic compounds 
[24,25]. Therefore, the presence of phenolic substances in plants with antioxidant activity is related to the 
chemical structure and corresponds to the occurrence of phenolic constituents in plants [26]. In this experiment, 
it was found that gallic acid in D. longan extracts are indicative of scavenging activity. 

Consequently, phenolic compounds are suggested to be biological constituents that are responsible for the 
DPPH• scavenging activity of black D. longan extracts. These extracts were found to have the highest radical 
scavenging and ferric reducing capacities (p < 0.05). Three antioxidant assays, DPPH, ABTS, and the FRAP 
assay, were used in the present study to confirm the antioxidant activity of D. longan extracts, because various 
mechanisms of oxidation should be investigated concurrently. The DPPH assay was developed to investigate the 
potential of compounds to scavenge free radicals or act as hydrogen donors by mixed single electron-transfer 
(SET) and hydrogen atom transfer (HAT) mechanisms, whereas the ABTS assay is based on HAT [27,28]. The 
FRAP assay is based on the reduction of ferric ions (Fe3+) to ferrous ions (Fe2+) [29].  

Each D. longan pericarp extract has a different polarity, ranging from petroleum ether extract, which is 
lipophilic, to ethyl acetate extract, which is hydrophilic, to ethanolic extract, which is more hydrophilic. The D. 
longan ethanolic extract was found to have the highest antioxidant activity with the ABTS assay, but diminished 
antioxidant activity was detected in the DPPH assay because, in contrast to the DPPH assay, which is preferably 
run using hydrophobic organic solvents, the ABTS assay can be utilized in water-soluble systems [27,28]. 
However, the results from the ABTS assay were similar to those from the FRAP assay. This was likely due to 
the equivalent redox potential of Fe (Fe3+) salt (-0.70 V) and ABTS radical (ABTS+) (0.68 V).  

In brief, gallic acid is a major bioactive component of black D. longan pericarp and is responsible for its 
antioxidant activity. Additionally, the production of black D. longan could enhance both the biological active 
content and the antioxidant activity of D. longan. Our results are in accordance with those of our previous study, 
which investigated the phenolic content and biological activity of ethanolic extracts from various parts of dried 
and black D. longan [30]. However, the present study focused on the utilization of the pericarp, since it is 
discarded as waste and currently has no value, whereas the arils are edible and usually firmly attached to the 
seeds, so they are often sold together. In the present study, various solvents were used for the extraction of 
biologically active compounds from both dried and black D. longan pericarp. Interestingly, the extract obtained 
with ethyl acetate presented the most promising antioxidant activity. It was found to be more potent than the 
extract obtained with ethanol presented in our previous study [30]. This use of pericarp would not only decrease 
waste but would also boost the value of this plant. 
 
  



 
 
5. Conclusion  
 

Black D. longan pericarp extract obtained with ethyl acetate could be a potential source of natural 
antioxidants that could be used in cosmetic applications. It has comparable ABTS•+ radical scavenging activity 
to ascorbic acid and gallic acid. The use of black D. longan pericarp, an agricultural waste product, would be a 
first step toward achieving a zero-waste state. Additionally, imported cosmetic ingredients from foreign 
countries could be substituted with this natural product from local plants. 
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